Rapid deaths in confinement cattle caused by exposure to hydrogen sulfide (H 2 S) gas from manure pits has not been reported in the USA. In 1997, 158 cattle in 2 confinement pens were exposed to H 2 S gas as the manure in the pits under a slatted floor was agitated prior to pumping. Approximately 35 of the cattle were lying on the floor when the upper agitator was turned on. Within 5 minutes, many these cattle were down on their sides and paddling. Of these, 26 died within a few minutes. The survivors were treated and sent to slaughter. Cattle that did not show immediate signs of toxicosis remained clinically unaffected. Two steers that were near death were brought to the Purdue Animal Disease Diagnostic Laboratory for clinical evaluation, euthanasia, and necropsy. They were recumbent and unresponsive to visual and auditory stimuli. Necropsy examination yielded no significant gross lesions. No evidence of viral or bacterial infection was found. Ocular fluid nitrate concentrations were within normal limits, and no lead was detected in either animal. Microscopic examination revealed lesions consistent with H 2 S-induced central nervous system anoxia. Histologically, sections of brain demonstrated massive, diffuse cerebral cortical laminar necrosis and edema. Portions of the outer lamina contained hypereosinophilic and shrunken neurons. The subcortical white matter was vacuolated in some areas. The history, clinical signs, and histologic lesion of cerebral laminar necrosis led to a diagnosis of H 2 S toxicosis in these cattle.
Hydrogen sulfide (H 2 S) is a highly toxic gas produced by the anaerobic bacterial decomposition of protein or other sulfur-containing organic matter. It is colorless and heavier than air and has the characteristic odor of rotten eggs. Hydrogen sulfide production is frequently associated with decomposition of manure collected in pits beneath animal confinement facilities. Under these conditions, most of the H 2 S that is generated is retained in the liquid manure. Because of the low solubility of H 2 S in water, much of the gas is trapped in bubbles in the manure. 19 Agitation of the manure pit prior to removal by pumping can release the gas, resulting in a rapid increase in H 2 S to lethal concentrations in the confinement facility. 7, 18 Although long-term low-level exposure to H 2 S can cause chronic respiratory and ocular irritation, 13 high concentrations of 1,000-2,000 ppm cause respiratory paralysis and death within a few minutes. At concentrations Ͼ2,000 ppm, H 2 S has a direct paralyzing effect on the respiratory center and breathing is usually never spontaneously reestablished. Respiratory paralysis occurs after 1 or 2 breaths, followed by generalized convulsions and death. 9, 18 Rapid deaths from exposure to high concentrations of H 2 S gas related to agitation of manure in livestock confinement facilities have been reported in swine, 8, [15] [16] [17] [18] 23 poultry, 3 cattle, 1, 2, 5, 6, 22 and humans. 7, 12 However, this is the first case of acute H 2 S gas poisoning in confinement cattle in the USA.
In the fall of 1997 in rural Indiana, 158 cattle in 2 confinement pens were exposed to H 2 S gas as the manure in the pits under a slatted floor was agitated prior to pumping. This incident occurred in a large (24 m wide ϫ 61 m long ϫ 10 m high), well-ventilated cattle confinement barn that had 4 separate but adjacent holding pens with slatted flooring, allowing manure and urine to be collected in pits 3 m deep below the floor. No additional water was put into the pits while manure was collected. The barn was constructed with a central feed bunk/partial wall running the length of the barn and with many large exterior doors, which were open during the pumping procedure. Three separate manure collection pits ran under the holding pens: manure pit 1 was under holding pen 1 and half of pen 2, manure pit 2 was under half of pens 2 and 3, and manure pit 3 was under half of pen 3 and all of pen 4. The finishing cattle were being fed 13-18 kg of a high-protein ration per day consisting primarily of ground corn with mineral supplementation. Agitation and pumping of the manure pits was carried out with all barn doors open and on breezy days. Earlier in the week, manure pit 1 had been agitated and pumped out without difficulty. The next day, manure pit 2 was agitated and pumped out with the loss of 3 cattle, which were reported to have bellowed and dropped dead. The next day, when manure pit 3 (under half of pen 3 and all of pen 4) was being agitated, initially only the lower agitator was turned on when agitation was begun. Four hours later, the upper agitator was also turned on. In retrospect, it appears that at the time the upper agitator was turned on, enough manure had been removed (approximately 0.6 m of manure slurry) so that the nozzle of the upper agitator was just above the surface of the manure. Approximately 35 of the cattle were resting normally on the floor when the upper agitator was started. Within 5 minutes, many of these cattle were laterally recumbent and paddling. Of these, 26 died within a few minutes. Many of these were near the feed bunk/wall, which may have allowed pockets of gas to accumulate despite a breeze and the openness of the barn design. Presumably, the initial agitation of the liquid manure using only the lower agitator released H 2 S from the manure that, being heavier than air, accumulated just above the manure. When the upper agitator was then turned on, it blew the H 2 S up above the level of the slatted floor to a height such that the cattle lying down were primarily the ones affected. On seeing the cattle dropping to the floor, the agitator was turned off and three blowers were turned on to ventilate the barn. When personnel from the local fire department arrived approximately 1 hour later, no toxic gases could be measured in the barn. Approximately 48 hours after exposure, 2 of the surviving cattle, which were recumbent and near death, were brought to the Purdue Animal Disease Diagnostic Laboratory for clinical evaluation, euthanasia, and necropsy. The remaining 7 survivors, which initially appeared blind and were either nonambulatory or staggered when walking, were clinically normal within 2 hours of exposure and were sent to slaughter. Cattle that did not show immediate signs of toxicosis remained clinically unaffected.
Two steers, approximately 600 kg and in good body condition, were presented to the Purdue University Large Animal Clinic. Both were in lateral recumbency, paddled on occasion, and were generally unresponsive to visual or auditory stimuli. No rumen contractions or borborygmi could be auscultated in either animal. Lung sounds were clear. Hearts had normal rhythms. Mucous membranes were pink with capillary refill times of Ͻ2 seconds. Both steers exhibited bilateral dorsomedial strabismus. Direct and indirect pupillary light responses were present although sluggish. Evaluation of hematology and serum chemistry parameters indicated dehydration, mild neutrophilia (11.59 and 8.33 ϫ 10 3 cells/l, normal ϭ 1.0-4.0 ϫ 10 3 cells/l), and increased serum aspartate aminotransferase in both animals (704 U/ liter and 1522 U/liter, normal ϭ 58-100 U/liter). The clinical assessment was that these steers were not in cardiovascular collapse but were recumbent and unresponsive because of a central nervous system (CNS, specifically cerebral) lesion. Differential diagnoses based on the clinical signs included exposure to H 2 S, lead toxicosis, polioencephalomalacia, thromboembolic menigoencephalitits, and listeriosis.
Necropsy examination of the 2 steers revealed no significant gross lesions. No viral or bacterial pathogens were isolated or demonstrated. Ocular fluid nitrate concentrations were within normal limits. No lead was detected in the liver or kidney of either animal.
From both steers, the following transverse sections of brain and associated ventricular systems were examined: cerebral cortex (frontal, parietal, temporal, and occipital lobes), olfactory bulb, basal nuclei including cuneate and lenticular nuclei, hippocampus, thalamus and hypothalamus at the level of the pituitary gland, pituitary gland, cerebellum and cerebellar peduncles, and brain stem at the level of the pons, caudal colliculus, lateral geniculate, obex, and hypoglossal nerve. Spinal cord was examined as transverse sections at cervical vertebral 1 and 3, thoracic vertebral 1 and 6, and lumbar vertebra 3.
The lesions in both steers were qualitatively similar but differed in severity. The superficial gray matter of the fresh cerebral cortex was slightly yellow. All lobes were affected in an approximately bilaterally symmetrical pattern. Gyri and sulci were discolored in the most severely affected lobes (temporal and occipital). Only tips and sides of gyri, but not sulci, were discolored in the other less affected lobes. Cleavage lines between white and gray matter were not visible, and the affected superficial cortex did not fluoresce under ultraviolet light.
Microscopically, lesions were consistent with H 2 S-induced CNS anoxia. These lesions were qualitatively similar in all areas but varied in severity by location. The primary change was edema and laminar necrosis of the superficial gray matter of the cerebral cortex ( Fig. 1 ). Small foci of necrosis were also present in the gray matter of the cerebellum and hippocampus. The deep laminae of the superficial gray matter were most commonly involved; however, in many sections, superficial, middle, and deep laminae were individually or collectively affected.
In minimally affected areas of cerebral cortex, neuronal necrosis and edema were characterized by shrunken, eosinophilic, sharply angular nerve cell bodies, each surrounded by a clear halo (Fig. 2) . Usually, Ͻ50% of the neurons in any given lamina were necrotic. In these areas, glial cells and astrocytes were surrounded by a clear halo but were otherwise unremarkable. In more severely affected areas of cerebral cortex, nearly all neurons in any given lamina were necrotic. In these areas, glial cells were more numerous than those in less affected areas, and many glial cells were pyk- notic. Astrocytes were usually swollen. Blood vessels were thickened and prominent due to swollen endothelium and adventitial cells. All elements were surrounded by clear halos, which sometimes gave affected laminae a washed out appearance. This edematous change rarely extended to adjacent white matter. The leptomeninges overlying the affected cerebral cortex also had thickened vessels and contained very low numbers of scattered macrophages, plasma cells, and lymphocytes. Perivascular hemorrhages were rarely observed.
Small foci of necrosis in the cerebellum were limited to the Purkinje cell layer and immediately overlying superficial gray matter. Low numbers of Purkinje cells in affected areas were swollen, rounded, and deeply eosinophilic. Adjacent gray matter contained moderate numbers of glial cells and capillaries with swollen endothelium.
Spinal cord and basal, thalamic, hypothalamic, and brain stem nuclei in the transverse sections were unremarkable. Similarly, sections of nasal and tracheal mucosa, lung, liver, kidney, heart, spleen, forestomach, abomasum, small intestine, colon, lymph node, and eyeball (including cornea) were histologically unremarkable.
Although H 2 S was not directly detected in this case, the history of extremely rapid death in confinement animals beginning immediately after the start of agitation of the manure pit coupled with recumbency, unresponsiveness, and cerebral cortical laminar necrosis in survivors 48 hours after exposure all indicate poisoning by H 2 S. In cases of H 2 S toxicosis, the CNS lesions compatible with anoxia are thought to be due to apnea caused by paralysis of respiratory centers and to cellular anoxia as a result of H 2 S binding to cytochrome c oxidase, with inhibition of cellular respiration. 5, 11, 21 In the present case, although CNS lesions were present at 48 hours, it is unlikely that lesions would have had time to develop in animals that died within a few minutes of exposure. Similar poisoning cases have been reported from Europe, where confinement of cattle under circumstances predisposing to H 2 S poisoning occur with greater frequency. In a report describing the stages of progressive polioencephalomalacia in cattle caused by H 2 S exposure, 5 the histologic changes at 30-60 hours were consistent with those reported here. In the USA, polioencephalomalacia due to ingestion of water and feed containing high concentrations of sulfur, generating H 2 S gas in the rumen, has been reported. 20 This condition has been experimentally reproduced and shown to be due to the generation of H 2 S by rumen microflora metabolizing the large amounts of sulfur in the diet. 4, 10, 11 Although not described in detail in previous studies, the histologic lesions of polioencephalomalacia, including neuronal necrosis and edema, are similar to those described here. Also, in those experimental studies, although H 2 S could be detected in the rumen gas caps of cattle fed increased sulfur, sulfhemoglobin remained unchanged and therefore was not diagnostic. For this reason, determination of sulfhemoglobin was not attempted in this case where the steers were acutely exposed for only a few minutes and then presented for necropsy approximately 48 hours after exposure. In the USA, deaths of cattle have been reported after lay treatment of cattle with sulfur-containing tonics for various ailments. In these cases, the lethal effects of administration of sulfur have also been associated with ruminal production of H 2 S. 14, 21 This is the first report of acute H 2 S gas poisoning in confinement cattle in the USA. The rapidity with which H 2 S kills precludes successful treatment. Therefore, prevention is the only reasonable way to avoid H 2 S-induced livestock losses. Many human deaths have also occurred due to H 2 S poisoning from manure pits. In the present case, loss of human life was prevented because during the agitation and pumping procedure, the owner was observing the cattle from a catwalk high above the slatted floor. As soon as the critical nature of the situation was recognized, the owner turned off the agitator and pump from outside and did not attempt to enter the building until trained emergency personnel with self-contained breathing apparati arrived. Endometrial malignancy occurs rarely in most animals, 5, 7 except in rabbits and cattle, 4 and is extremely rare in the sow. 10 The following report concerns a case of carcinosarcoma in a sow.
A 10-year-old Landrace sow was presented to Tufts University School of Veterinary Medicine with a 2-week history of a chronic weight loss and inappetence. The owner had noted a 15-cm-diameter enlargement on the animal's lateral abdomen 1 week prior to admission. On physical examination, the sow was depressed, nonambulatory, tachycardiac, and cachectic and appeared to be moderately dehydrated, with slightly pale mucous membranes and prolonged capillary refill time. A firm 15-cm mass was palpated in the right
